Objectives: To determine the net health consequences, costs, and cost-effectiveness of elective Cesarean delivery (C-section) to prevent perinatal transmission of hepatitis C virus (HCV) in HIV/HCV-coinfected women with suppressed HIV RNA but detectable HCV RNA.
Introduction
Substantial reductions in mother-to-child transmission of HIV have been achieved since the adoption of prenatal zidovudine therapy [1] and elective Cesarean delivery (C-section) [2] as prevention strategies. Using both these interventions together is a cost-effective strategy to prevent mother-to-child HIV transmission [3] [4] [5] [6] . Because vertical transmission of HIV occurs predominantly in women with detectable HIV RNA during pregnancy [7, 8] , combination antiretroviral therapy is an effective and safe alternative prevention strategy [9] . Currently, in the United States, it is recommended that only HIV-infected pregnant women with HIV RNA levels . 1000 copies/ml should be counseled about the reduced risk of HIV transmission with a scheduled C-section (although European guidelines suggest an offer to all HIV-infected pregnant women) [10, 11] . Mother-to-child transmission of hepatitis C virus (HCV) is less common than that of HIV and is associated with the presence of HCV RNA in the mother [12] [13] [14] . Recent guidelines do not recommend elective C-section for prevention of mother-to-child transmission in women with chronic HCV infection, because of a lack of evidence of efficacy [14, 15] . However, HIV/HCV coinfection increases the likelihood of mother-to-child HCV transmission four-to five-fold [14, 16] , and recent data from a large European prospective study found a significant protective effect of C-section on HCV transmission by HIV/ HCV-coinfected mothers [17] . Antiviral therapy to prevent maternal HCV transmission is not an option because ribavirin and pegylated alfa-interferon, the current standard of care for treatment of chronic HCV [15] , cannot be used during pregnancy [14] . Breast feeding is generally not considered a risk factor for mother-to-child transmission of HCV [18] .
Between 6000 and 7000 deliveries to HIV-infected mothers occurred annually in the United States between 1988 and 1994 [19] . Individuals whose route of HIV infection was through injection drug use have an extremely high likelihood of being coinfected with HCV, because HCV is more easily transmitted through this route than HIV [20] . Assuming that 28% of HIVinfected women in the United States were infected through injection drug use [21] , and that their pregnancy rate is comparable to that of women infected with HIV by other means [22] , an estimated 1700-2000 HIV/HCV-coinfected women give birth in the United States each year. The current standard of care in the United States does not routinely offer HIV/ HCV-coinfected women who have achieved effective suppression of HIV RNA with antiretroviral therapy the option to consider elective C-section to prevent transmission of HCV to their children. Consideration of this option requires a trade-off between the immediate risks of C-section complications, which are higher in HIV-infected women [23] [24] [25] , and the benefits of avoiding the sequelae of chronic HCV infection in their offspring, which will generally occur in adulthood if at all [26] .
The objective of this analysis was to determine the net health consequences, costs, and cost-effectiveness of elective C-section to prevent perinatal transmission of HCV in coinfected women with suppressed HIV RNA but detectable HCV RNA. Two strategies were compared: (i) recommending C-section to all coinfected women meeting the criteria, and (ii) recommending C-section only when indicated based on fetal status (standard care). Health outcomes and costs for both the mother and child were considered and the sensitivity of results was examined for varying Csection acceptance rates by the mothers and for variability in our estimates of C-section benefits and risks.
Methods
Decision analytic model A decision analytic model was developed using the software program DATA Pro (TreeAge Software Inc., Williamstown, Massachusetts, USA) to compare the recommendation for an elective C-section with standard care. The possible pathways for different perinatal care options are outlined in Figure 1 . If C-section is recommended, mothers may accept or reject the recommendation, and most who accept will deliver by elective C-section. However, some will require urgent (non-scheduled) C-section or deliver vaginally if, for instance, they deliver before the recommended time of elective C-section of 38 weeks. Women who do not accept the recommendation will deliver vaginally, by elective C-section, and by urgent C-section at the same rates as for the current standard of care. Women may survive delivery with or without complications or may die. HCV infection can occur regardless of maternal outcome.
Each delivery mode is associated with a unique maternal death rate, complication rate, and HCV vertical transmission rate. Women are assumed to have been identified as HCV-infected as part of their HIV clinical care [27] . Because the analysis is limited to women who do not have detectable HIV RNA, it is conservatively assumed that vertical transmission of HIV does not occur with or without C-section. The potential impact of antiretroviral treatment (prescribed for HIV disease) on maternal HCV transmission is unclear, because studies of the effects of antiretroviral drugs on HCV RNA levels give conflicting results; with the initiation of HIV treatment, there may be an initial increase in HCV RNA levels followed by a gradual decrease [28] . In the model, it was assumed that antiretroviral therapy had no impact on outcomes.
Maternal quality-adjusted life year (QALY) decrements and hospital and physician costs were also recorded and depended on mode of delivery and the presence of complications. QALY decrements and future costs of HCV treatment were recorded for those children infected with HCV who are expected to progress to chronic HCV infection. The recommendation for Csection strategy was compared with standard care in terms of the incremental number of HCV transmissions avoided, the incremental number of maternal deaths, and the incremental cost-effectiveness ratio. This ratio was defined as the total incremental costs for mother and child associated with the recommendation for Csection divided by the total incremental QALYs. A technical appendix giving the model structure in detail is available from the authors upon request.
Clinical data sources
Estimates of the rates of vaginal delivery, elective Csection, and urgent C-section with and without a recommendation for C-section were taken from a randomized trial of elective Cesarean section in HIVinfected women published by the European Mode of Delivery Collaboration (Table 1 ) [29] . The probability of acceptance of the recommendation for C-section was derived from the acceptance rate for enrollment in the pilot phase of this study [30] . The maternal morbidity rates for vaginal delivery, elective C-section, and urgent C-section were from the Women and
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. Infants Transmission Study conducted in 1186 HIVinfected pregnant women in the United States [23] , which recorded higher morbidity rates than have been reported for HIV-uninfected women [37, 38] ; the corresponding maternal mortality rates were derived from a published decision analysis of C-section in HIV-infected women in the United States [6] .
The rates of vertical HCV transmission for vaginal and C-section deliveries in HIV-infected women were taken from the European Paediatric Hepatitis C Virus Network pooled retrospective analysis of prospectively collected data from 1474 HCV-infected women, of whom 503 were coinfected with HIV and HCV [17] . HCV transmission was considered to have occurred if the child was HCV antibody positive beyond 18 months and/or had at least two positive qualitative polymerase chain reaction tests on two separate occasions. This study found a significant benefit of Csection on HCV transmission, with an adjusted odds ratio of 0.36. Because this study did not distinguish between elective and urgent C-section, a single transmission rate of 8.2% for both types of C-section was used (versus a 17.3% transmission rate for vaginal delivery). This is a conservative assumption because of the lower risk of maternal blood exposure with elective C-section versus urgent C-section [29] .
Cost-effectiveness parameters
The costs of vaginal delivery, elective C-section, and urgent C-section in the United States were estimates of the costs of providing these services (rather than charges for the services) as recommended by the Panel on Cost-Effectiveness in Health and Medicine (Table  1 ) [39] . Non-obstetric costs for the mother, including costs of HIV and HCV treatment, were excluded from the analysis because they were assumed to be unaffected by the C-section recommendation. Hospital costs were from the University HealthSystem Consortium and physician costs were from the Medicare physician fee schedule for 2003 [31, 32] .
The quality-of-life decrement to the mother from undergoing a C-section or experiencing delivery complications was assumed to be the equivalent of the loss of 1 week of life [6] . These assumptions were varied in sensitivity analyses from no decrement to 3 months. The quality-adjusted life expectancy (QALE) for women with HIV/HCV coinfection was from a previously published study and was varied in sensitivity analysis by 50% [33] . The quality-of-life decrement for HCV-infected versus HCV-uninfected infants was determined by comparing their QALE values. The QALE and HCV treatment costs for HCV-infected infants were derived from estimates for a 40-year-old adult chronically infected with type 1 HCV (19.4 discounted QALYs and $22 000 discounted lifetime treatment costs, assuming treatment with pegylated alfa-interferon and weight-based ribavirin dosing) [34] . Because symptomatic liver disease is rare in chronically HCVinfected children [26] , a conservative assumption was made that the health effects of HCV infection would not become evident and treatment would not be initiated until age 40. For uninfected infants, QALE was determined using an estimate of life expectancy for newborns [35] and age-and sex-adjusted quality-of-life estimates from the Beaver Dam Health Outcomes Study [36] .
To reflect the fact that HCV patients may be located in higher-or lower-cost practice settings, sensitivity analyses were conducted in which all costs were simultaneously increased or decreased by 50%. All costs are reported in 2003 US dollars. Costs and QALYs were discounted at 3% per year and a societal perspective was adopted [39] . Maternal and child QALYs were combined in the calculation of the cost-effectiveness ratio, taking the viewpoint that from a societal perspective the value of a life year is not dependent on age [39] .
Sensitivity analyses
Probability distributions were derived from published confidence intervals or estimated ranges, or calculated using reported sample sizes (Table 1 ). In univariate cohort analyses, each of the parameters was varied from the highest to the lowest 95% confidence interval values of the distributions. For the difference in HCV transmission rates between C-section and vaginal delivery, this resulted in a parameter range of a reduction of 5 to 14 percentage points (versus 9 points in the base case). In addition, the maternal acceptance of the recommendation for C-section was varied between 5 and 100%, because the acceptability of the recommendation may be different for preventing HCV transmission than for preventing HIV transmission. The impact of using C-section rates recently reported for a sample of HIV-infected women in the United States that included women with both detectable and undetectable HIV RNA was also examined [2] . Because these Csection rates are higher than those used in the base-case analysis, the incremental benefit of a recommendation for C-section to prevent perinatal HCV transmission would be expected to be smaller than in the base case. When the probability of mode of delivery was varied for one type of delivery, the probabilities for the remaining two modes of delivery were assumed to be in proportion to their occurrence in the base case. To account for multivariate effects, a probabilistic sensitivity analysis was conducted using 1000 second-order Monte Carlo cohort simulations in which the variable values were drawn from each of the probability distributions.
Results

Hepatitis C perinatal transmission and maternal mortality
In the base-case analysis, elective C-section for coinfected women with suppressed HIV RNA but detectable HCV RNA avoided 45 vertical HCV transmissions per 1000 deliveries and increased maternal mortality by one death per 100 000 deliveries ( Table  2 ). In univariate sensitivity analyses, the results were sensitive to the efficacy of C-section in preventing transmission, the probability of C-section occurring in the absence of a recommendation, and the rates of maternal acceptance of the recommendation. The number of vertical transmissions avoided per 1000 deliveries varied from 23 to 67, depending on the rates of HCV transmission tested in the sensitivity analysis using the confidence intervals in the original study. Results were not sensitive to the probability of elective C-sections occurring in the absence of a recommendation, based on the confidence intervals that were estimated from the European Mode of Delivery Collaboration data [29] . Using the probability of C-section of 48% recently reported in the United States for HIVinfected pregnant women [2] and assuming that 14.5% of these procedures are urgent C-sections, as occurred in the European study, the number of transmissions avoided declined to 30 per 1000 deliveries. As maternal acceptance of the recommendation for C-section increased from 5 to 100%, the number of vertical transmissions avoided per 1000 deliveries increased from 3 to 56, and the maternal mortality increased from 0 to 2 per 100 000 deliveries. None of the other univariate analyses indicated that results were sensitive to the parameter ranges that were tested.
In probabilistic sensitivity analysis, the trade-offs between number of HCV transmissions avoided and maternal mortality per 100 000 deliveries that resulted from the Monte Carlo simulations were examined (Fig.  2) . In the base case, the ratio of additional maternal deaths per 1000 HCV transmissions avoided was 1/45, or 0.02. Of the 1000 Monte Carlo simulations, 65% resulted in < 1 additional maternal death per 1000 HCV transmissions avoided and 80% resulted in < 2 additional maternal deaths per 1000 HCV transmissions avoided.
Cost-effectiveness analysis
In the cost-effectiveness analysis, two scenarios regarding the outcomes of maternal-child HCV transmission were examined ( Table 3 ). The probability of developing chronic HCV infection after mother-to-child HCV transmission was assumed to be 50% in the first scenario and 75% in the second scenario, reflecting the current uncertainty about HCV infection outcomes in these children [26] . In the first scenario, a recommendation for C-section resulted in an increase in 0.24 QALY per child and a loss of 0.02 QALY per mother, for a net gain of 0.22 QALY (Table 3) . At an incremental cost of $1300, the incremental costeffectiveness ratio was $6100/QALY. In the second scenario, a recommendation for C-section resulted in an increase in 0.36 QALY per child and a loss of 0.02 QALY per mother (the same for the mother as in the first scenario); incremental costs were $1300, and
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. the incremental cost-effectiveness ratio was $3900/ QALY. Using the probability of elective Cesarean delivery derived from United States data on HIVinfected pregnant women, the cost-effectiveness ratios in the two scenarios were $5800/QALY and $3800/ QALY, respectively. In the high-cost practice setting, the cost-effectiveness ratios in the two scenarios were $9100/QALY and $5900/QALY, and in the low-cost practice setting they were $3100/QALY and $2000/ QALY. Sensitivity analyses that varied maternal QALE and the maternal quality-of-life decrement associated with C-section did not have an impact on these ratios.
Discussion
Our results indicate that elective C-section would provide substantial clinical benefits at a reasonable cost for coinfected pregnant women with suppressed HIV RNA but detectable HCV RNA. Assuming 2000 pregnancies per year among HIV/HCV-coinfected women in the United States, a recommendation for elective C-section could avoid up to 90 perinatal HCV transmissions per year and incur a risk of one additional maternal death in 50 years. The incremental costeffectiveness ratio associated with this recommendation would be $3900-6100/QALY compared with standard care. This is well below the median reported in a review of cost-effectiveness ratios for clinical preventive services from studies published in 1976-1997, which was $14 000/QALY (in 1998 US dollars) [40] . A study recently presented at a national meeting concluded that, if elective C-section reduced the risk of perinatal HCV transmission by 40% in all HCV-infected women, the cost-effectiveness ratio of this intervention would be less than $50 000/QALY [41] .
Previous analyses that included elective C-section as a strategy to prevent perinatal transmission of other infectious diseases have described similar trade-offs. In an analysis of the costs and benefits of elective Csection to prevent perinatal HIV transmission in women with detectable HIV RNA, Mrus and colleagues [6] projected that 58 HIV transmissions would be avoided per year with a risk of one additional maternal death in 20 years Subsequently, a recommendation for C-section in these HIV-detectable women became the standard of care in the United States [9] . Randolph and colleagues [42] described a similar trade-off for elective C-section to prevent neonatal herpes simplex virus (HSV) transmission in women with genital HSV lesions at delivery without a history of genital HSV. They projected that C-section would prevent 18 perinatal HSV infections per year and incur a risk of one additional maternal death in 100 years. The HIV and HSV trade-off results are not directly comparable with the results of the analysis of C-section to prevent HCV transmission, however, because the health consequences for HCV-infected children are different from the consequences for HIV-infected children or HSVinfected children.
While our study is intended to provide insight into a strategy that could potentially prevent HCV transmission, several limitations of our analysis deserve emphasis. First, the probabilities of acceptance of the recommendation for elective C-section and the resulting modes of delivery are derived from a study of elective C-section to prevent HIV transmission that was conducted in Europe [29] and may differ from those in the United States. Second, the data source for the effectiveness of C-section in preventing HCV transmission did not distinguish between elective and urgent C-section results [17] . Third, our analysis did Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. not incorporate the potential impact of antiretroviral treatment (prescribed for HIV disease) in lowering the risk of HCV transmission, because this effect is unknown for HIV/HCV-coinfected mothers with detectable HCV RNA. Future studies may show an HCV transmission benefit, particularly for mothers who have been receiving effective antiretroviral therapy for a long period of time. This would reduce the estimated number of perinatal transmissions avoided by C-section. Fourth, the estimate of HIV/HCV-coinfected pregnant women in the United States is imprecise, because we used infection with HIV through injection drug use as a proxy for HCV infection. Not all of these pregnancies could actually benefit from a recommendation for C-section, because our results are only relevant for mothers receiving adequate prenatal care, who have been documented to have achieved HIV RNA suppression, and who have the opportunity to schedule an elective C-section. Fifth, while the cost-effectiveness ratio allows a direct comparison with other preventive interventions, it assumes equivalence between QALY values for pregnant women and their offspring. Societal preferences may be inconsistent with this assumption [43] . We stress the importance of considering a wide range of factors in addition to the results of our analysis in developing clinical recommendations for HIV/ HCV-coinfected women.
Elective C-section is already recommended for pregnant women whose HIV RNA is detectable. A recommendation for elective C-section among HIV/ HCV-coinfected women could avoid an additional 90 perinatal HCV transmissions per year in the United States with a risk of one maternal death in 50 years, and this policy has a cost-effectiveness ratio lower than for most clinical preventive services. Our results indicate that elective C-section should be offered to HIV/HCV-coinfected pregnant women with undetectable HIV RNA but detectable HCV RNA.
